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APL is

® 3 concise mathematical notation
e oriented towards manipulation of arrays
& an interactive computer language
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////////////

APL sympols include many not
found on ordinary Keyboards.,

These are typed by use of the
option” or “option-shift’
combination, together with one
0T the regular kKeys:

For example, |option|+|H|= A
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APL*=PLUS UTnified EKeyboard

8/21/00
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This keyboard diagram may be
displayed at any time by selecting
"APL Keyboard” from the & menu:

(Lintoriunaiely, e
COITHTRI N ST

R W ST IRF LN, W
LSLAFIW LS LR SCreer,
Wil srod gl s
TS
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AL any time, the system 1s elther in

® immediate execution mode
feNOressions entered will be evalvaled and
i i red s

® cdit mode
(L15Ed WASR SRLEring or revising & finciion,
For examaiet



ppppp

/mmediate execution moae

Example:
36 x § « Fow fipe fis
180 Campulter dispials IS

(ote thal wihal wou Lepe 75 Fulomalicalily
INTENLST, WRIle LRe Compiiier Gisnigs Hhe
result @t the fert margin,
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Right-to-lert evaluation: |

Contrary to usual practice, in APL there 15
no hierarchy of operations;

Instead, all expressions are evaluated from
right to left within parentheses,

2 X5+ 3  camess lxi5+3)

16

O -5 -2 «  compams & -75-0)

(9-5) -2
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APL statements are of 2 types:

® assignment statements
VY ¢ 8 fnate that eguzis s
Leed P COmnarisan, ol
PO FSSiGTEnt L
® branching statements
> 5 (Here, 515 & fine number
WA & Lser—gerined
FHRCE

ggggg



FUNCEions, whelner primilive or
ser—agerined, are eriner:

® /monadic (single argument)
[2.47 (e ceifing " function)
3

e Jvadic  (two arguments)
3.15 T 2.47 Fihe masimine
3. 13 Finction)
fale Phat Pwo Fnclions, one monadic and one
Aadic, are represented by the same symbal [ J
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{iser—aelined tunctions mayv a8/so be
adefined to have NOQ arguments { “niladic ™)

Mote that an argument may be a vector, 1.e.,
Fl#y, %o, ®a, ... %) may be defined as a function
of a simgle vector argument ¥ = (%, o %z, .00 %p)
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Reduction of vectors

The "slash” ( / ) preceded by a dyvadic function,
has the effect of inserting the dyadic function
between each pair of consecutive entries of the
vector which follows:

+ /3485 (i \gfent o 3+4 + 5
12

That is, +/X 15 APL notation for X X|
(Nate that the “dnwde " function Is = )



///////

Cher examples of redvction.

x€d 2 4
x / X
40
[/ R
9
-/ X
>

v/ 8086181 fogical or’/
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Further examples of reduction of a vector X

® mean value of X
(+/K) = o
® variance of X
(+/(R=(+/R) = pR)I%2) = o
¢ number of elements which are even numbers
+/ K o= 2xLKeZ
® number of times that the largest element appears

+/ K= T/R
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Comproession oF vecltors:|

The "slash” also is used to "compress” vectors,
with a logical (zero-one) vector of the same
length on the left and the vector on the right:

Xed 2 8 4

1818 /XK
5 8

Y 8  «——  amexoression withs fogicsl value
8101

( H < 5 ) / H — sofecls afemenis oF X fess T S

2 4
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Selection of e/ements or @ vecior, Using
COMmpression:

U « 718,100 rERTH ) qemergte oot or
(U € (+/U)+18 )/U  clements s average
(U = 2xLU=2)/U ST VE el Slerments
H € 72@ P 1 BB FERITH ) resressie &

(X € U)/¥ elermmenmts oF X wiich are i Y
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FXDanNsion oF veclors

Similar to compression, but lengthens the wector,
inserting zeroes (if numeric vector) or blanks
(if character wvector) where indicated:

xRed 2 8 4

11181 \NK
5 2 8 B 4 k’ﬁ'ﬁfﬂ?ﬁfﬁ ShFS

(Aigmberof Tl e ife logios! vactor mrist aqusl 1he fength
oF Ehe Vecior v e mrail i
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Generalized /nner FProducts)

The usual inner product of 2 vectors combines
the operations of multiplication and addition:
et = UxW, + Uoxrh, + 0+ UorY,

This could be expressed in APL as the "plus”
reduction of the element-by-element product
of Uand V: + /7 Ux U

An alternate, equivalent notation is

U+.xU



APL_Intro

8/21/00 page 19

Instead of "+" and "x", any two dyadic functions
which operate on scalars will do.
For example,

Xe€B 5 2
XK+*x1 2 3 =y a' + 5%+ 27
4 1 {7 fa Mhs sxnonsslion nctian)
Y«4 6 3
H A~ 2 H" —— (eARcking whelier X dovningies B
B e Js fagical sadY
XI.+Y

12
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Generalized Outer Product |

1T U is awvector of length m),
Y15 a wvector of length n,
and # 15 any scalar dyadic function,
then the QUTER PRODUCT U o e 15
an  mxn matrix, whose element in row 1, column ]

is Uli]lev[]]
(0 s S il SVnhal, b EEimed Bl pressing S sieonsd)

E‘.-"f?-_‘r"."an_‘r"lﬁ [DDtiDﬂ]-F[ .J ] _..}
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fxample of generalized ouier prodtiict:

Ue 5 2 B
Ue 1 B8 3 7
U-.xU

5 B 15 35 For ewamnie, L s
2 8 6 14

8 B 24 236
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Creating 1dentity & lower—iriangular
mairices:

(13) .= (13)
]
B
B

0 — ®

3) ¢.2 (1\3)

— R ~,S— A&

—I—IE
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Compaiing & Fuclidean distance mairix.
Let X(ifand ¥ i/ be the (x, )/ coordinates
ar point #i

Xeld 38 50

Y « 46 58 20

( ((Re.-R)*2) + (Yo.-¥)*2 )*B.5
% 22.361 44,721 | _
22.361 B 36 .856 Feo, A G )

i5 oW T ool £

44.721 36.836 0O
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Creating Arravs )|

Arrays may be created by using the “reshape”
function, p .

The left argument of p 15 the shape desired, and
the right argument is scalar or array Lo be reshaped.
(The result is created, row by row, from the right
argument;

Re249p1234356

FI r\\‘w;__ The chersclar P
3 4 is ol sined by (DDUDHJ—I—( P )
|

1 2
2 b6
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Subseripling Arrays |

Subscripts are written within square brackes [ ]
Row subscripts and column subscripts are
separated by a semicolon

Al2:3]  is the element in row #2, column #3

Al1:]1 isrow #*1 of the array
Al ] is column #3 of the array
Al ] are rows *1&3 of the array
Al 3] are the elements in row 1 and

calumna 2&3,1.e., the 1x2 array [ A, A5l



///////

Examples of subscripting:
Ae24p12349506 78

H
1 2 3 4
5 6 ¢ B
A[1;2 4]
2 4
Al ; 3 4]

=] I
0 -h
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Indexing a vector by an vector:%

Let % be awector, and K a wector of indices.
Then

YK ]1is the vector

VKT WIKIZ2]], etce.
For example:

V € 111 222 333 444

K«3 1 1 2 1 3

VIK]
333 111 111 222 111 333



a vector by a matrix: |

Let % be awector and A a matrix of subscripts.

Then “[A] is a matrix whose size is that of A,

and whose entry in location [1;J] 15 VIA[I;J]]
For example:

V e« 111 222 333 444

O ¢« A« 2 3 p 2 3 313 2
2 3 3

1 3 2

VLA
222 333 333
111 333 222
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Example: "Picture” of a matrix |

A
2 0 1 0
0 1 0 0
0 5 0 3
1+A # 0
2 1 2 1
1 2 1 1
1 2 1 2
(' *'">[1+A #0]
* *
*



///////

5 7 Y eaquilslant fo + AR

6 13 squivialent to + /%



8/21/00

Example  Given a matrix A of numbers, delete the
rows which are all zeroes,

A
3 2 1 0
4 0 0 1
0 0 0 O
2 0 1 3
Av.z0
1 1 0 1
(A Y.¥ 0>/011 A




8/21/00

EFxample Given a character matriz with a word in
each row, locate the row containing 4
given word,

NAMES
JACK
JOHN
MARY

0 1

2

NAMES A,.= '"JOHN'

0

(NAMES A, = 'JDHN')L1§
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Defining functions |

Type the symbol ¥("del”) followed by the
function header (specifying number of arguments
and whether result is returned)

Example: A function to evaluate the mean of a
vector

vVz¢MEAN X

Both z and x are "dummy" variable names which will be
"locally” defined within the function.

page 33
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Wwhen vou press the "return” key after typing the
function header, vou will enter "edit” mode, and
wou may then Lype the function definition:
vz¢MEAN X
[1] ze(+/X)+pX

After the function definition is complete, select
"exit editor” from the "Edit” menu.

You may then use the function as vou would a
primitive function:

MEAN 2 4 1 0
1.75
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The variable ¥ 15 a vector of integers.
wWrite an expression for:

a)l
b)
c)
d)
e)
f)
q)
h)
i)
il

the maximum value

the minimum value

the range of values

the mean value

the median value

the number of elements exceeding the mean

the variance around the mean

the standard deviation

the number of times the largest number appears
the number of components which are odd numbers
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C5 1s a character string.

Write an expression for determining how many times
each of the vowels (AE,1,0,U,Y) appear in the
character string.

Write an expression for the number of double letters
which appear in the character string. (For example,
"NO BOOKKEEPERS ALLOWED" contains 4 instances
of double letters.)
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what are the values of:

a)
b)
c)
d)

e)

T+xT
TAa=Y¥
TAa Y
U+xT

¥ v.=U

page 37
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DeMorgan has shown that m  can be computed by
the following alternating series:

U I I I

-+ -+ - 4

T

£ 3 5 /7 9 17
-3 _ 1 _ 1 N 1 _
4 2xlrd  dxoxrb Br KO

LAY TR N R R B
5 3 3'%3 3°%5 3 w7 3 %0

wWrite APL EKDFE-EEiGHE for estimating n using the

first N terms of the series.
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Approximalion of & by rirsi N lerms of series:

T+ Z2KUN
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3. 1 1 1
4 2x3xd  4x5x6 Bx7Ix8

1 : 1
= - + - o
T 3“‘[2;{3}{4 A%Cx6 BRI }

Approximalion of & by 1irst N terms of series:

Pl e~ 3+4x =/ +(2x tN)x (1 + 2% tN) 2+ 2% 1N |
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%F_

1 I
z 4
3}{3 3 >=:5 Jwi 5 xY

1 1 1

—_ + - .

3;{3 3%5 347 3%0

Approximalion of & by firsi N ferms of series:

Pl « 6% (=3=.0)x /(3= 1+t N)x-1+2 % 1L N
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The vector ¥V contains a list of a student’s
homework scores.

Write an expression for

a) the scores sorted into descending order

b) the average score, after dropping the 4
lowest scores
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Write funciions C_to_F and  F_to_C
whiich wilfi convert celsivs femperaivres Io
Fafwrenheil temperatvres, and vice versa,
respectively.



